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1
HIGH DATA RATE LONG REACH
TRANSCEIVER USING WAVELENGTH
MULTIPLEXED ARCHITECTURE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Patent Application No. 60/782,432, filed Mar. 15, 2006, the
disclosure of which is incorporated herein by reference.

BACKGROUND OF INVENTION

This invention relates generally to optical communica-
tions, and more particularly to optical telecommunication
modules providing multiple modulated signals simulta-
neously from a single integrated device and receivers thereof.

Telecommunication systems can be broadly divided into
two separate domains. In the line-side, or long haul side, data
are transferred long distances between local hubs, with opti-
cal amplification compensating for loss and dispersion com-
pensating modules maintaining signal integrity. On the client
side, or datacom side, on the other hand, the distances are
generally, short such that optical amplification and dispersion
compensation is not needed.

Given the challenging requirements for transmitting sig-
nals thousands of miles, the components on the line side tends
to be very high performance and quite costly, such as custom
linecards or 300 pin transponders employing tunable lasers in
the 1550 nm wavelength band and lithium niobate modulators
for encoding data. Typically many closely spaced channels
are multiplexed onto the same fiber (DWDM-dense wave-
length division multiplexing). The channels are closely
spaced at 25 GHz (0.2 nm), 50 GHz (0.4 nm) or 100 GHz (0.8
nm), and complicated optical filters are used to multiplex and
demultiplex sometimes hundreds of these closely-spaced sig-
nals. The major advantage of DWDM in these systems is that
optical amplifiers can boost the closely spaced channels
simultaneously, eliminating the need for optical to electrical
and back to optical conversion (OEO). OEO conversion may
require demultiplexing hundreds of channels, receiving,
reclocking, and regenerating in the electrical domain and then
re-multiplexing them would be inordinately complicated and
expensive

A very different school of thought has recently emerged
that rather than using optical amplifiers together with disper-
sion compensation modules, attempts to make a very low cost
OEO using integration. The idea is that low cost integration
can eliminate the need for optical amplifiers and dispersion
compensation by making OEO cost effective at every
repeater. The system tries to use standard wavelength spacing
and fully meet telecom’s exacting standards. However, the
integration compromises performance compared to discrete
components, limiting chirp performance or degrading signal
quality.

The client side, or the datacom side, is very different. In this
case spans are generally short (40 Km or 80 Km maximum),
and optical amplifiers are rare. Usually no dispersion com-
pensation is used, and the reach is limited for example by the
chirp of'the signal and the dispersion of'the fiber for solutions
at 1550 nm wavelength, and limited by fiber loss for solutions
at 1310 nm wavelength, with possibly the best performance
obtained at 1550 nm. The components on the client side are
usually lower cost, as exemplified by “pluggable” transceiv-
ers, with single channels passing through a fiber. Generally
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the lasers are uncooled for cost and power consumption rea-
sons, and the resulting drifts in wavelength prohibit accurate
wavelength multiplexing.

As bandwidth requirements increase, with different appli-
cations such as Internet games and IPTV (Internet protocol
television) requiring large amounts of data, the bandwidth
needs are increasing at all levels. In the long haul side, addi-
tional DWDM channels are possibly added as needed. Since
this is a scalable procedure, costs do not rise dramatically. On
the client or datacom side that is not multi-wavelength, gen-
erally the only way to increase capacity is to increase speed.
However, this becomes increasingly impossible at higher
speeds as one hits fundamental physical or engineering issues
and simply increasing the speed of each link is not always a
viable option. For example, CMOS drivers that work well at
2.5 Gb/s may produce insufficient current drive at 10 Gb/s.
Similarly, lasers cannot be modulated at frequencies much
past their internal relaxation oscillation resonance peak. The
reach also drops as bandwidth increases, being roughly
inversely proportional to the square of the bandwidth. A
directly modulated laser, for example that can have a 150 Km
reach at 2.5 Gb/s, may only go 10 Km at 10 Gb/s, the reach
generally going inversely as the bandwidth squared. The use
of electro-absorption modulators, or even lithium niobate
modulators for reduced chirp only increases cost, complexity,
and power consumption. Thus there is a need to increase the
aggregate data rate for datacom applications without simply
increasing the serial speed of the communications

The IEEE 802.3-2005 standard (which now incorporates
the amendment 802.3ae-2002), incorporated by reference
herein, relates to an architecture generally called the LX4
architecture. The L. X4 architecture attempts to address the
need for longer reach and higher speed transmission in the
datacom arena by adding parallelism. The main problem the
standard attempts to solve is that high bandwidth communi-
cation is limited in a multi-mode fiber, as modal dispersion
limits the reach. Though 2.5 Gb/s signals can travel 300 m in
multimode fiber, 10 Gb/s cannot. Therefore the standard calls
for four separate channels to be multiplexed together at lower
speeds to achieve a 10 Gb/s aggregate rate. Products on the
market implement this standard with four separate lasers,
each in an individual package and a bulk optic or fiber mul-
tiplexer at the transmitter side, and a demultiplexer and four
separate photodetectors on the receiver side. Unfortunately,
this results in increased component count, and therefore
increased cost. Moreover, the effective transmission range of
a system employing an [L.X4 architecture may be less than
desired for many datacom applications. An integrated module
that combines all these functionalities in a single chip would
obviously reduce the cost of such a system.

In summary, integration of high performance components
to reduce cost or eliminate optical amplifiers in the exacting
world of telecom is challenging as integration compromises
performance. However, the looser datacom world can allow
for the compromises of integration if the manufacturing cost
drops dramatically. This patent addresses the need for low
cost integrated parallel components for datacom communi-
cations.

SUMMARY OF THE INVENTION

In an aspect of an embodiment the invention provides an
architecture using an array of directly modulated lasers inte-
grated with a wavelength-selective combiner on a compound
semiconductor substrate. The wavelengths of the laser array
may be spaced far apart to allow uncooled or semi-cooled
operation. The wide wavelength spacing makes for a simple
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integrated multiplexer that uses a small amount of chip real-
estate. This results in a simple low cost chip that generates
multiple modulated signals simultaneously. A receiver side,
with some embodiments including both a transmitter and a
receiver, some embodiments including only a transmitter, and
some embodiments including only a receiver, can also
employ a similar demultiplexer with an array of pin photo-
diodes that is either uncooled, or semi-cooled to track the
transmitter. The lower drive speed of the lasers allows the use
of low cost silicon driver chips, yet the array can have an
aggregate bandwidth that is enormous. For example, an array
of'8 lasers running at 5 Gb/s will deliver 40 Gb/s of bandwidth
with a reach of 40 Km, all with simple and low cost electron-
ics. In contrast a single directly modulated laser is almost
impossible at 40 Gb/s, and if it were so, the reach would be
less than 1 Km and would require very expensive compound
semiconductor drive electronics.

The lasers in some embodiments of this invention are short
DFB lasers with an intra-cavity phase shift for modal stabil-
ity. The short cavity results in low thresholds and high difter-
ential efficiency. The modulation current and voltage can be
kept low such that silicon drivers are possible even at 10 Gb/s
operation. The short cavity length allows quantum well mate-
rial with high differential gain for low chirp and high relax-
ation oscillation frequency. The extinction ratio is kept low
(3-5 dB) for good chirp characteristics, even when detuning
of the gain from the laser peak is not optimal.

The wavelength selective multiplexer is ideally an arrayed
waveguide grating (AWG), though Eschelle gratings or other
structures are used in some embodiments. The resolution of
such a device is a simple function of the device size, and large
channel spacing between the lasers keeps this device com-
pact. The output of the AWG is fiber coupled to a single mode
fiber either with or without an optical isolator in between.

In one aspect the invention provides a photonic transmitter
integrated circuit, comprising an array of lasers on a substrate,
each laser in the array of lasers emitting light at different
wavelengths, with a wavelength spacing greater than 1.6 nm;
and an interferometric combiner positioned on the substrate
to receive light emitted by lasers of the array of lasers, inter-
ferometric combiner configured to combine light emitted by
the array of laser.

In another aspect the invention provides a method of com-
municating data over an optical fiber using a transmitter and
a receiver, the transmitter including a chip with an array of
distributed feedback lasers, with a wavelength spacing for
light emitted by the lasers of at least 1.6 nm, and an interfero-
metric combiner for combining light emitted from the lasers,
the method comprising modulating each of the lasers with a
data signal; applying a further signal to a selected at least one
of the lasers; detecting the further signal at the receiver, and
adjusting the temperature of the receiver to maximize the
detected further signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic of the transmitter photonic integrated
circuit;

FIG. 2 is a cross section of the transmitter integrated circuit
along the length of the device;

FIG. 3 is a cross section of the transmitter integrated circuit
perpendicular to the length of the device, with 3A along the
active and 3B along the passive sections;

FIG. 4 shows a communication link where the transmitter
is partially cooled, and the receiver tracks the temperature
drifts of the transmitter;
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FIG. 5 is a reflective transmitter photonic integrated circuit
for smaller size and the multiplexer characteristics; and

FIG. 6 shows a communication link composed of a photo-
nic integrated circuit transmitter and a conventional bulk
optic demultiplexer and diode array, with preferably the pass-
band of the bulk optic demultiplexer wide enough to accept
wavelength changes of the transmitter IC with temperature
variations.

DETAILED DESCRIPTION

Reference is made to FIG. 1 illustrating an embodiment of
a transmitter integrated circuit 10. A chip is made in InP
semiconducting material and has 8 phase shifted DFB lasers
11. Each laser has a different grating pitch such that the
wavelengths of the lasers are separated, preferably by 5 nm.
The output of these lasers enters passive waveguides that
contain no active region. These passive waveguide connect to
anarrayed waveguide grating (AWG) (combination of 12, 13,
14) that multiplexes all the wavelengths of light together into
a single output 15. The entire chip 10 can be made quite
compact, since the wavelength spacing between the laser
elements is large. In fact, the resolution of the AWG is depen-
dent on the length difference between the arms, the wider
laser wavelength spacing means a smaller AWG is possible.

The lasers are preferably directly modulated devices. In
such embodiments each laser has a bond pad 16, that is
connected to a driver source. Directly modulating the lasers
encodes the signal on the laser. The physical spacing between
the lasers preferably is large enough to prevent any substantial
thermal or electrical cross talk. The laser array is preferen-
tially built on a p-type substrate, such that the laser array acts
as a common anode device. This allows for faster drive elec-
tronics, as npn bipolar transistors or NMOS transistors are
faster and smaller than their p-type counter parts. Alterna-
tively, the lasers are made on a semi-insulating substrate, and
both the n and p contacts are made available to allow a
common anode or common cathode configuration, or differ-
ential driving configuration. The laser cavities are quite short
(typically 250 microns or shorter) with a strong grating (high
KL.). The short laser enhances the modulation frequency,
reduces the threshold current and also increases the differen-
tial efficiency to keep the overall power consumption low. The
phase shift position is preferably offset to the front to increase
front facet output power. Both the rear and the front facet of
the IC are preferably anti-reflection coated to maintain stable
DFB lasing mode determined by the phase shift.

The active and passive regions can be made, for example,
either with ridge or buried heterostructure (BH) waveguide
topology. The advantage of the BH structure is the lasers will
have lower thresholds and potentially higher slope efficiency,
reducing the overall power consumption of the integrated
circuit. Ridge waveguides, on the other hand, can have a high
index contrast laterally between the core and the cladding,
especially when etched deeply. This makes for tighter
waveguide bends that leads to a smaller device. The preferred
embodiment described shows a ridge laser configuration for
simplicity.

FIG. 2 shows a cross section of a device such as embodi-
ment of the device 10. One single DFB laser 11 is shown. The
structure is grown on a p-type InP substrate 22 and contains a
buried waveguide 23 that underlies the entire structure. This
buried waveguide is made of a transparent quarternary alloy
such as InGaAsP with a photoluminescence wavelength of
typically 1.15 um. The thickness is typically 1500 A, to give
a waveguide mode compatible with both active and passive
sections of the device. The layer is doped p-type to be elec-
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trically conducting. In the laser, there are quantum wells
providing the active gain which are intrinsically undoped.
The quantum wells are also quaternary material, but with a
gain peak at about 1550 nm. Above the quantum wells is a
grating layer 25 in transparent quaternary material, etched to
select a particular lasing wavelength, and containing a phase
shift to provide modal stability. All the layers above the quan-
tum wells, including the grating are doped n-type. Above the
grating is an n-type InP spacer, an etch stop layer 27 and more
n-InP cladding and finally an InGaAs contact layer 26. The
chip is made of three sections. The DFB structure 11 has
quantum wells and grating layer, while the passive sections
28, used for the AWG and the waveguide bends has only the
waveguiding layer. The other section 21 not shown in the first
figure, is an optional integrated photodiode, electrically iso-
lated from the DFB by etching the InGaAs contact layer 26
and optionally some of the InP. This section is reverse biased
to absorb the light exiting the rear of the DFB and acts as a
monitor photodiode. The photocurrent from this section can
be used to keep the optical power of the laser constant with
time and temperature.

As an example of fabrication of such a device, first the
buried waveguide layer 23 and the quantum wells 24 and the
grating layer 25 are grown on a p-type substrate using low
pressure metal-organic chemical vapor deposition. The wafer
is then masked and a phase-shifted grating fabricated in the
grating layer 25 with electron beam lithography and wet
etching. The wafer is then regrown with a thin InP layer in a
second MOCVD step. Two photolithography steps follow
where the grating layer is removed in the integrated photo-
diode section and both the grating layer and the active layers
are removed in the passive sections. The top p-cladding is
then grown in the final MOCVD step across both the active
and passive regions.

FIGS. 3A and 3B show cross sections of a chip perpen-
dicularto thelasers and to the waveguides. F1G. 3A shows the
cross section through the active portion, while FIG. 3B shows
the cross section through the passive portion. As an example
of fabrication of such a structure once the growths are com-
plete, the device is processed by etching ridge waveguides
down to the etch-stop layer. The ridge waveguide itself 31
laterally supports the main optical mode. The width of the
ridge would typically be about 2 microns wide, with the etch
stop about 300 nm above the active region. After etching the
ridge, a dielectric such as SiN 32 is applied over the entire
wafer using plasma enhanced chemical vapor deposition, and
is then etched at the top of the ridge on the active sections,
where metallization 33 is applied. The passive sections (FIG.
3B) contain no grating layer, and no quantum wells. Leaving
the InGaAs contact layer (26) intact in the passive sections
should have no disadvantage if the n-type cladding layer is
sufficiently thick to preclude optical absorption in the
InGaAs. The integrated circuit is cleaved to form front and
rear facets and anti-reflection coated to maintain modal sta-
bility

There are many variations on this active-passive integra-
tion that are well known in the art. For example, in some
embodiments the grating can be placed below the quantum
wells rather than on top. The substrate can be n-type or semi-
insulating rather than p-type and the dopings are reversed or
the lower region contacted from the top through an etched
region. The grating layer can run continuously through the
device, but only patterned in the laser section. Similarly, the
quantum wells can be present in all sections, but be shifted in
bandgap by alloy disordering in the passive sections. As pre-
viously mentioned, a buried heterostructure geometry can be
used to increase efficiency of the lasers. With ridge
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waveguides, one may etch the passive regions deeper to
increase the waveguide confinement and allow for tighter
bending radius. This decreases the size of the AWG.

Preferably the wavelength spacing between the laser array
is sufficiently wide to allow a compact multiplexer and also
allow uncooled or semi-cooled operation. Cost and low
power consumption are often integral to the use of this tech-
nology in the datacom or client-side applications. For longer
reach, 1550 nm operation is preferred due to lower optical
fiber loss. The preferred embodiment would use 8 lasers with
5 nm spacing to give an overall span from end to the next of 45
nm. This much bandwidth can be supported by a single active
region composition for all the lasers, and all the wavelengths
would fit in the low loss section of optical fiber. With 5 nm
spacing, there is not quite enough margin for the lasers to run
completely uncooled in the traditional manner. The wave-
length of a DFB at this range changes approximately 0.1 nm
per degree C. Thus -5 C to 85 C operation would cause the
wavelength of the lasers to vary by 9 nm, exceeding the
spacing. There are multiple options to solving this problem,
with the second option discussed below perhaps being the
preferred embodiment.

In some embodiments the laser array is run semi-cooled.
For example, a thermoelectric cooler (TEC) may be placed
under the laser array and either heats or cools the laser to
reduce the overall temperature range. Thus when the ambient
temperature changes from -5 C to 85 C, the chip temperature
would only vary from 25 C to 65 C. This limits the power
consumption of the TEC.

In some embodiments the receiver has a TEC, in addition to
the laser array having a TEC in some embodiments, and
tracks the shifts of the laser array. This is realized in some
embodiments by placing a dither on a predetermined channel,
and the receiver adjusting the receiver temperature to opti-
mize the dithered signal from this channel. This allows nar-
rower channel spacing on the laser array. For example, in this
embodiment, the laser array may be run completely uncooled,
and the wavelength will drift approximately 8 nm over the
typical =5 C to 75 C temperature range. The receiver will
track this change using a TEC. This lowers the overall power
consumption of the module compared to a cooled system
because cooling a laser array that generates heat consumes
substantially more power than cooling a detector array that
generates very little heat. In a related technique, substantial
improvements in power consumption would be obtained by
heating the receiver chip rather than cooling it. In this way the
receiver would track the transmitter. The heating can be
obtained either with thin film heaters placed on the IC itself,
or with a bulk heater underneath the chip. Other modes of
tracking include tunable filters that are well known in the art.

In some embodiments the wavelength spacing between the
lasers is set such that the change in wavelength due to tem-
perature is less than the wavelength spacing of the array. For
example, CWDM standards use a 10 nm or 20 nm spacing. In
this case multiple active regions could be used for the array, as
a single active region composition generally cannot provide
enough gain for all channels. Etching and regrowing a second
active region increases the complexity of the fabrication, but
the increased wavelength spacing would allow a smaller
AWG multiplexer. In some embodiments temperature control
in the receiver is used to allow the receiver to track the wave-
lengths of the transmitter if a semiconductor AWG is used at
the receiver. A bulk optic demultiplexer using thin film filters
at the receiver would have a flat passband and not require any
temperature control.

In some embodiments, and potentially the simplest solu-
tion, the laser transmitter is run at a fixed temperature with the
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TEC. Ideally, this temperature is relatively high (e.g. 55 C)to
minimize power consumption. Nevertheless, the power con-
sumption may become prohibitive for the smallest pluggable
applications (e.g. XFP-like transceivers)

FIG. 4 shows a schematic of a semicooled transmitter and
receiver pair, showing a combination of a TEC semi-cooled
laser array and a TEC temperature controlled receiver, with a
dither signal placed on a predetermined channel through
application of a dither current to a selected laser of the laser
array. A transmitter IC 10 is mounted on a thermoelectric
cooler 45 along with a thermistor 42. Should the thermistor
sense (or electronics or processor receiving thermistor infor-
mation determine) that the temperature has increased above
65 C, for example, electrical current is applied to the thermo-
electric cooler to reduce the temperature of the transmitter IC.
Similarly, if the thermistor senses too low a temperature,
below 25 C, for example, current is supplied in the opposite
direction to the thermoelectric cooler to heat the applies IC.
Thus the temperature of the IC is always maintained between
25 C and 65 C. A dither current from control electronics 43 is
sent to a known element of the array, such as laser number 4.
The output of the transmitter IC is coupled to an optical fiber
41 (lenses, and optional isolator not shown). The other side of
the fiber is coupled to a receiver IC 40 that has a similar AWG
and a pin diode array in place of a laser array. The received
signal is analyzed by the receiver control electronics 44 and
the dither signal is detected. The temperature of the receiver
1C is maintained by another TEC 46. The control electronics
adjusts the temperature to maximize the dither signal at pho-
todetector element 4, thus maintaining registration between
the laser array and the receiver array.

There are of course numerous variations on this principle.
As previously mentioned, the transmitter IC can be left com-
pletely uncooled, and the receiver can track the temperature
of the transmitter as described. Alternatively, both the trans-
mitter and receiver can be temperature stabilized to a cali-
brated value to maintain registration. A more conventional
bulk optic receiver can be used based on fused silica that is
insensitive to temperature and channels are broad enough to
accept variations in the wavelength of the transmitter. This is
shown schematically in FIG. 6. In this case the transmitter
photonic integrated circuit 10 is a combination of laser arrays
and an AWG, as previously described. However, the receiver
utilizes thin film filters, mirrors and separate photodetectors.
The optical beam form the fiber is collimated with a lens 60.
The collimated optical beam reflects from various thin film
filters 61, each filter passing a single wavelength band to a
photodetector 63. An additional broadband mirror 62 returns
the beam to the filters on each subsequent reflection. Such
bulk optical demultiplexers are known in the art and can have
broad, temperature insensitive characteristics. Alternatively,
an AWG with broadened pass-band characteristics can be
used, either in InP or in another material such as silica-on-
silicon.

There are also many variations on the arrayed waveguide
gratings that can be used in this invention. Since size is often
a crucial component of cost, methods of decreasing the size of
this multiplexing and demultiplexing component is essential.
One method of doing so, is to use a reflective grating, as
shown in FIG. 5. In this case output of the laser array 11 goes
into the star coupler 12, which then fans out onto a multiplic-
ity of waveguides. However, half way across this array the
chip is cleaved and coated with a high reflectivity material,
such as SiO2/Si multilayers 51. The light reflects back onto
the arrayed waveguides and the star coupler 12 acts in reverse
as to lead to the output waveguide 15. The other side of the
chip is anti-reflection coated 52. Very preferably the AWG is
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designed such that the laser elements do not reflect back on
themselves at any wavelength with gain, otherwise the laser is
likely to oscillate in unwanted modes. The reflective design
can be used both for multiplexing DFB sources as well as
demuxing at the receiver. A plot 53 shows the performance of
afilter with this design and 1.6 nm spacing. The insertion loss
was 5 dB, the cross-talk <-20 dB and the channel spacing 1.6
nm. Even with this narrow a spacing, the chip size was 2.4 mm
by 1.2 mm (J.B.D. Soole, Lasers and Electro-Optics Society
meeting (LEOS) 1996, paper WCC2, incorporated by refer-
ence herein).

In such a widely spaced WDM architecture, skew of the
different signals can be important. For example with 5 nm
spacing between 10 lasers, there is a 45 nm total spread. The
propagation delay between the two extreme wavelengths
after a 40 Km link in dispersive fiber (20 ps/nm-km) is 360
bits at 10 Gb/s. The electronics in the module preferably
stores the data and compensates for the skew. An embodiment
of'the invention would use a four element laser array running
at about 10 Gb/s to obtain an aggregate of 40 Gb/s and a
electronic buffer to compensate for the skew at the receiver.
The module would be housed in a form factor compatible
with standard OC768 transmission, and that the laser uses 4
wavelengths to obtain the desired bandwidth would be trans-
parent to the user. The cost of such a module using four
separate directly lasers would be tremendously lower than
using high end 40 Gb/s serial components. Furthermore, the
reach would improve from about 2 Km for serial 40 Gb/s
using expensive LiNbO modulators to better than 10 Km
using much lower cost directly modulated DFBs.

Longer reach and higher signal speeds can be obtained by
using arrays of EMLs (lasers with electro-absorption modu-
lators) rather than DFBs. At 1550 nm the standard reach of a
DFB is 10-20 Km, while that of an optimized EML is 80 Km.
In the 1310 nm band, EMLs have exhibited sufficient
uncooled performance at 25 Gb/s. Thus 100 Gb/s transmis-
sion can be obtained by using an array of four EMLs running
at 25 Gb/s, rather than 10 DFB lasers running at 10 Gb/s. In
addition, the aggregate bandwidth is frequently set higher
than the requirement to allow for error correction, thus one
may use a four element array each at 27 GHz to get 100 Gb/s
transmission or ten DFBs running at 12 Gb/s to get the same
result.

In some embodiments some or all of predistortion, elec-
tronic dispersion compensation, and most likely sequence
estimates are used with the components or systems discussed
herein. The continuing improvement in electronics make
directly modulated lasers more appealing, as techniques such
as predistortion, electronic dispersion compensation (EDC)
and most likely sequence estimators (MLSE) can increase the
reach of chirped signals in predictable dispersive media. The
array architecture described here allows the use of slower
modulation in lasers which makes these techniques much
easier to implement. Adding EDC to the receiver of such a
module, for example, can substantially extend the reach of the
link. Similarly, applying predistortion at the transmitter, and/
or MLSE at the receiver, can also affectively extend the reach
of the link.

An embodiment of the invention comprises a photonic
transmitter integrated circuit that combines directly modu-
lated lasers with an interferometric combiner wherein the
lasers are distributed feedback elements (DFBs), the wave-
length spacing is greater than 1.6 nm between lasers, the
entire chip is not operated at constant temperature, but
allowed to drift somewhat with varying case temperature to
conserve electrical power.
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In some embodiments the invention comprises a commu-
nication link and/or method of using a communication link
between a transmitter as described above, and a receiver
comprising a similar integrated photonic circuit that uses an
array of photodetectors and an interferometric demultiplexer,
where the temperature of the demultiplexer is adjusted to
track the wavelengths of the transmitter.

In some embodiments the invention comprises a commu-
nication link and/or method of using same as described
above, where a dither is placed on at least one of the lasers,
allowing the receiver to identify the wavelength channels.

In some embodiments the transmitter as discussed above
includes an interferometric combiner which may be an
arrayed waveguide grating.

In some embodiments the invention comprises a commu-
nication link between a transmitter as described above and a
receiver, wherein thin film optical filters are used in the
receiver to selectively demultiplex the wavelengths with a
large enough wavelength range to accommodate changes in
the transmitter wavelength with temperature.

The invention may be as described herein, including the
associated drawings, and should be considered to encompass
the valid claims supported by this disclosure and insubstantial
variations thereof.

What is claimed is:

1. A photonic transmitter integrated circuit, comprising:

a semiconductor chip with front and rear facets with asso-
ciated anti-reflection properties; a substrate;

an array of distributed feedback (DFB) lasers formed on
the substrate, each laser in the array of lasers having a
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grating with a phase shift position offset to the front to
increase front facet power, its own bond pad for receiv-
ing a data signal, a laser cavity length no greater than 250
microns and emitting light at different wavelengths,
with a wavelength spacing between adjacent laser wave-
lengths greater than 5 nm; and

an arrayed waveguide grating formed on the substrate to

receive light emitted by lasers of the array of lasers, the
arrayed waveguide grating configured to combine light
emitted by the array of lasers; and

a temperature controller designed to maintain the array of

lasers in a semi-cooled state such that the wavelength
range of the lasers in the array does not exceed the
wavelength spacing but allowed to drift over a tempera-
ture range that would exceed a wavelength spacing less
than 1.6 nm.

2. The photonic transmitter integrated circuit of claim 1,
further comprising an integrated photo diode on the substrate
on a side of the DFB lasers opposite the interferometric com-
biner.

3. The photonic transmitter integrated circuit of claim 2
wherein the integrated photo diode is electronically isolated
from the DFB lasers.

4. The photonic transmitter integrated circuit of claim 3
wherein the integrated photo diode is reverse biased.

5. The photonic transmitter integrated circuit of claim 1
wherein the temperature controller is configured to adjust the
temperature if the temperature of the circuit migrates outside
of a temperature window of about 40 C.

#* #* #* #* #*



